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INTRODUCTION
A device was needed to measure the short-range bow (bow over any one-foot length) in tubular components of nuclear fuel elements, to determine if they are acceptable for reactor use. Bow measurements, accurate to within ±0.001 inch, were required in ribbed and smooth tubes up to 16 feet long with diameters from 1~ to 3~ inches. The device needed to be direct reading, portable, easy to operate, and rugged enough to withstand use as a quality control instrument for production use.
No known commercial equipment was available that would meet the requirements for this design.
SUMMARY
A simple gauge was designed to measure the bow in components of various diameters and lengths; it has been used successfully with experimental fuel elements at the Savannah River Laboratory. The gauge has adjustable roller supports for the tubes and a dial indicator for measuring the bow.
DISCUSSION

GENERAL
The bow gauge consists basically of a dial indicator located between two tube support assemblies. A tube to be measured is placed on the support assemblies and against two reference points ( Figure 1) . The difference or deviation from a straight line between the two reference points is read on the dial indicator. These measurements were normally read at one-foot intervals along the tube.
DESIGN DESCRIPTION
The essential components of the bow gauge shown in Figure 1 are roller support assemblies, reference position rollers, and a dial indicator. All the components are adjustable to accommodate a wide range of tube diameters.
Two tube roller support assemblies are spaced 12 inches apart and are mounted to a heavy base plate. The roller assemblies consist of a pair of canted wheels coated with polyethylene, upon which the tubes are supported. The wheels permit easy traversing of the tube through the one-foot gauging steps.
One canted wheel on the assembly is attached to a fixed block, the other to an adjustable slide that can be locked in position with slide locks (Figure 1) . The adjustable slide is moved close to the fixed block for smaller tubes and away from the block for larger tubes. This movement keeps the centerlines of all tubes within an approximately ~-inch vertical range (Figure 2 ).
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FIG. 2 MEASURING POSITIONS FOR ELEMENTS OF DIFFERENT DIAMETERS
-5 -The reference position rollers contact the tube along its horizontal centerline to establish a straight reference line. The rollers have a ~-inch face and do not need adjustment for most tube sizes. From the small diameter range to the large diameter range some adjustment of the roller is desirable to ensure contact with the tube centerline. This is accomplished by rotating the roller and its threaded post so as to move the roller up or down.
The dial indicator is a Starrett Model No. 25-Cl graduated in units of 0.001 inch with a range of one inch. It is located midway between the two reference position rollers. Vertical adjustment of the indicator is required for each tube size so that the needle bearing follower (Figure l) will contact the tube along its horizontal centerline. The dial indicator has a threaded mount.lng post and is moved 0.060 inch up or down by each rotation of t.hP in0.icator.
Two auxiliary roller support ARRPmhliPs Rre provided that nrc idcntlc.al to those on the gauge. Each assembly is mounted on a small base plate (Figur'e 3). The supports can be spaced at varying distances from the gauge depending upon the length of tube.
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FIG. 3 BOW GAUGE WITH TUBE IN MEASURING POSITION
-6 -OPERATION In ,operation.a tube is placed on the canted rollers and the movable slides are adjusted and locked so that the tube makes contact with the support rollers and the reference position rollers. Vertical adjustments of the rollers. and dial· indicator are made if necessary. Next, the auxiliary supports are positioned and.adjusted •. The tube is moved through the gauge manually and bow measurements are read and recorded at one-foot intervals. Bow measurements of ±0.500 inch can be measured accurately within 0.001 .inch on tube diameters from 1~ to 3~ inches. Tubes are then .accepted or rejected based upon established limits of. bow.
OPERATING EXPERIENCE
The gauge was installed in December 1961, and has been operated successfully since that time.
